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A Peossible Appmtuﬁ for Eiectron Clashing-Beam Experiments ().

M. Trexex
D e -
Tahavatory of Nuclear Studies, Cornell University - Ithaca, N.-T.

{ricevuto il 2 Febbraio 1965)

While the storage ring technique
for performing eclashing-beam exper;-
menta (1) ia very elegant in coneept it
seems worth-while at the preseat jume-
ture to investigate other methods which,
while less elegant or superficially . more
complex may prove more tractabla,

In order to be useful for clashing-
beam work an acceleration device must
Produce beama of emall croms-section or
beams of high enough quality that they
may be focused to a small spot in the
interaction region or regions. Such beams
are well known to be preguced by linear
radio-frequency accelerators. Figure 1
depiets 2 rudimentary type of arramge-
ment for performing a clashing beam
experiment with standard traveling wave
linacs. For purposes of illustration let
us congider two linacs having energy
gains of 500 MeV each and producing
continuous beam currents of 50 to
100 milliaompere. {As we shall see cur-

- reata of this order would be necessary

to obtain useful interaction rates at this

(*) Werk supporbed in part by the United
Statss Natiooal Selsnce Foundation.

(') See for instance G. E. O'NuILL: Phys.
Rep., 102, 1413 (1958). ‘

energy.) Under these conditions the rf
power necessary to establish the ac-el.
erating field in the guides would be of
the order of 100 megawatt in o standard

~ -
- Inferdetion region Pre

G=smafl crossing angle

Fig. 1.

design while an additional 25 te 50 mega-
watt would be carried sway by each
beam. Although in prineiple it may be
possible to produce and handle this
large power the sheer brutishuess of the
scheme robs it of all appeal,

With some modification wp may be

able to retain the basic advantages of

the linear device while avoiding the

Bt
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A POSSIBLE SCHEME TO OBTAIN ¢-e~ ANDe*e~ COLLISIONS
AT ENERGIES OF HUNDREDS OF GeV

U. AMALDI

The construction of a very large electron-positron
storage ting (PETRA) buis beea recently approved in
Western Germany and a similar projéct is under con-
sgderation in the United States (PEP). For these ma-
chines the maximum value of the centre-of-mass ener-
g/, about 50 GeV, is fixed mainly by the large power
that must be supplied to the beams to compensate for
the synchrotron radiation losses. Because of these
losses, the storage ring scheme is today considered un-
realistic for energies an order of magnitude larger than
50 GeV. It is therefore worth discussing alternative
solutions, even if they cannot become practical in less
than :en or fifteen years. .

In presenting our argument, w¢ consider a center-
of-mass energy of 300 GeV, that corresponds to the
so-called unitarity limit of weak interactions. It has to
be understood that this cheice does nor imply thar, al-
ready at these ¢nergies, the scheme we propose is to-
day econommically advantageous with respect to conven-
tional storage rings. Anyway at energies of this order
of magnitude, weak interacuuns dominate the cross-
tection and electron-electron coilisions are almost as
interesting as electron-positron collisions. We thus

Hﬁimrimd

I $uper-
eams.

it by considering the simpler case of an electron-
electron cotliding beam machine. _

The working principle of a conventional, vecy high
energy, eleGtron storage ring can be characterizetd us
follows: “usé" the same electron many times, by keep:
ing it on a circular orbit, and accept to throw away en-
ergy through incoherent synchrotron radiation. The op-
posite possibility is considered here: “use™ each eléc-
tron only once, by having it moving on a straight path
without radiation losses, and, after the interaction
point, recover coherently a large fraction of its energy.

For e~e - collisions this can be achieved with the
scheme shown in fig. 1. Two collinear, superconduct-
ing standing-wave linacs accelerate two continuous
beams of electrons up to, say 150 GeV, and magnetic
lenses fovus them to very small transverse dimensions
tn one. or more, low f interaction regions. After cros-
sifng, (e giectron bunches give back their energy 10
the ¢lectromagnetic field of the opposite linac, since
there the electric ficld will be given the opposite phase
to deeelerate them. Stationary eonditions are thus
achieved aiid in each linac the energy given back to
the slectromagnetic field by the decelerated electrons

w ‘f e
=%, CACELERATON : :
w2 - ! I
INECTOR FOGUSING L, ~ T%en !

Fig 1. Schematic drawing of the collinear electron-clectron eolliding beam maching, If secelerating fields of <10 M Vim can-be
achieved. 10 obitain (150 + 1 50) GeV coflisions the length of the superconducting hinaes has to be =15 ki,

33
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\ Parameters I

parameter symbol  SLC NLC CLIC
c.m. energy [TeV] E 0.1 1 3
luminosity [10%* cm™2 s7!] L 0.0002 1.3 10
repetition rate [Hz| frep 120 120 100
bunch charge [10'°] N, 3.7 1 0.4
bunches/rf pulse T 1 95 154
bunch separation [ns] Ay —  2.8/14 0.67
av. beam power [MW] P, 0.04 9 14.8

F. Zimmermann CLIC Beam Delivery at 3 TeV
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parameter symbol SLC NLC CLIC
IP hor. emittance [pm] Ve 50 4.5 0.68
IP vert. emittance [um] Yey 8 0.1 0.02
hor. beta [mm] > 2.8 12 8
vert. beta [mm)] ; 1.5 0.15 0.15
hor. spot size [nm)] ok 17007 235 43
vert. spot size [nm] oy 900" 4 1.0
bunch length [mm] o, 1 0.12 0.03
Upsilon T 2x1073% 0.3 8.1
pinch enhancement Hp 2.0 1.45 2.24
beamstrahlung o (%] 0.06 10 31
photons per e~ (e™) N, 1 14 2.3

t 1998 average value

F. Zimmermann

CLIC Beam Delivery at 3 TeV
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~ 400 m

Y

50 Modulators/Klystrons with SLED (x 4)
(937 MHz - 50 MW - 100 pis)

Drive Beam
Injector

937 MHz - 386 MV/m-33m

X4

76A-124Gev []

4.2 us Combiner Ring
X4
Combiner Ring
312m

Drive Beam Decelerator ' 124 MeV

244 A - 1.2 : 500 Power-extracting 30 GHz structures - 1 m ' '
130 ns '
Main Beam _ Main Beam Accelerator 75 GeV
Injector 1000 Accelerating Structures 30 GHz - 150 MV/m - 0.5 m
_ ~ 624 m
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Tentative parameters for a CLIC Positron Damping Ring

Jor the 3.8 TeV case yezy =043 grad®m | 100 Hs 12:H”Mmuj?ﬁﬁmﬁ““”ﬁm“mwkwmﬁz

Parameter Symbol |{nits | Valoe

o

Momenium | E |GeVic | 158
Number of cefls - - 54
Ring leagth L im i A48
Arc cell length e im - 7z
Charge perbunch Lo Ne 1iWfe ¢ o3
Beam current 1A 1 bRy

Imection rpetition frequeney | £ [He | 10f
Normalised Ring cquilibrium | ¢ . {107 iiﬁ?%
emittance BV e
Momenimn spread o, :iiﬁ - 69 ),
Damping tie | & ims | 23Y
Bending magoet field , T 83
Horizontal mm{:ﬁwﬁt 25 1 0608 : ,
Munentum compuaction LR X 1 3.0 TeVdamping ring
Wipgler beading peak ficld ' YExO = 043 jradm fr = 100 itz

-]
#
X
B,
Wigpler length o de i
N Overall size 154m ¥ 122m
by
#3

-H

Hnpedance §hf@ii¥31d
Energy loss per furp
Bunch length (assumed with
an harmonic RF system)
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quadrupole orbit stability chromaticity
vibr./drift
at sextupoles g
L} - IH
- >

Schematic of a conventional final focus.

F. Zimmermann Beam Delivery at Multi-TeV Energies



, Final Focus'
Optics

baseline design aided by FFADA code and O. Napoly

chromatic correction (CCX, CCY) and final transformer with
demagnification factor 15/50, initial Bz, ~ 1 m

odd-dispersion scheme & la Oide — fewer dipoles, larger
bandwidth

final-quadrupole gradient: 450 T /m, extrapolating from LHC
magnet design: 320 T/m & 35 mm 1/2 inner radius

trade-off between Oide effect (— large €;) and chromatic
bandwidth (— small &;)
vary bending/drift lengths, ratio vertical/horizontal bending

angle, strength of final-doublet quadrupoles, Brinkmann
sextupoles,... for optimum luminosity with 1% flat energy spread

F. Zimmermann @« CLIC Beam Delivery at 3 TeV
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Final-focus characteristics

total length (per side) 3080 m
demagnification factor M, , 15, 50

IP beta functions §; , 8, 0.15 mm
chromaticity &, ,, 6900, 270007
bending length 4x176 m
angle per dipole section 63, 230 urad
final quadrupole gradient 450 T/m
beta function By at CCY sextupoles 1000 km?
peak dispersion 7, in CCY 0.1 mf

beta functions 3., at entrance to final quad 15, 88 km

t NLC: &, ~ 7000, &, ~ 30000, 3, ~ 200 km, 7, ~ 0.1 m

F. Zimmermann CLIC Beam Delivery at 3 TeV
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Relative rms spot sizes versus the full energy spread for a flat
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F. Zimmermann CLIC Beam Delivery at 3 TeV



relative luminosity L/L,
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momentum full width (%)

Relative luminosity (from tracking & convolving) vs. energy spread.

Ideal luminosity w/o pinch: Lo = 4.6 x 1034 cm~2s~1.

F. Zimmermann CLIC Beam Delivery at 3 TeV



Tolerances to magnet HORIZONTAL displocements v, Tolerances io magnet VERTICAL displacemenis 8y,

il

T eggEppIEIogIYsggsgfaggsgfesecs “egssgEgaigieggaggagogecees

)
1, [pe)
= z
of,
18y )
a F

Displacement sensitivities for 2% luminosity loss, calc. with FFADA.
The tightest jitter tolerances are about 3 nm (x) and 0.2 nm (y).
Drift tolerances are of the order of 100 nm.

F. Zimmermann CLIC Beam Delivery at 3 TeV



Tolerances to magnet PITCH angles b Tolerances to magnel field errors (8kg /k
. sg'kng!
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Sensitivities to pitch angle (left) and relative field change
Akpg/kpg (right), again calculated with FFADA. The tightest
pitch angle tolerance is 0.1 nrad for the final quadrupole. Field
stability tolerances are about 107°.

F. Zimmermann CLIC Beam Delivery at 3 TeV



Collimation System'

2 functions: halo removal & machine protection
major problem: collimator survival for bunch train impact

. S oF oF d€
UTS c, I

with oyrs ultimate tensile strength, « linear thermal expansion
coefficient, C heat capacity, E elastic modulus, d€ /dm energy loss
per g material. Rewrite this as

oF dE [ nyNy
O‘UTscp dx 27

OrOy >
E.g., E‘{')pl}{-‘l’ a=17x10"° K ! E =120 GPa, C, = 0.385
Jg 1K~ £/dr ~ 1.44 MeV f_‘.I"Ilgf g, oyrs = 300 MPa:

(ﬁfgy}ifﬁ > 200 pm  or [, > 1000 kmn

F. Zimmermann CLIC Beam Delivery at 3 TeV






At the SLC beam-halo collimation was found to be
essential for acceptable background; many sets of
collimators were added over the years (in the final focus
proper, the beam switchyard, sectors 29 and 30 of the
linac, muon spoilers in the final focus,....)

There was little quantitave understanding or modeling of
the observed halo. At times, 10% or more of the beam had
to be collimated, much more than expected from beam-gas

scattering. The suspected culprits included magnet

nonlinearities in the bunch compressor, longitudinal
microwave instability in the damping rings, beam

dynamics in the linac, and higher-order dispersion...

F. Zimmermann Beam Delivery at Multi-TeV Energies
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spoiler absorber

(0.25r.l) (20 r.L.)
VN~ V o/ ____ VA,
N A A
N U
1. phase 2. phase
o .
-4 > < >

Schematic of a conventional collimation system, as for the NLC,
consisting of a series of Ti spoilers and Cu (and W) absorbers. The
size of the spoilers and absorbers is approximately 1/4 and 20
radiation lengths, respectively.

F. Zimmermann - Beam Delivery at Multi-TeV Energies



Strategies for Collimation System

e remove halo upstream of linac, e.g., via resonant nonlinear
collimation in CLIC transfer lines (G. Guignard)

e combine collimation and final focus; this reduces overall system
length and can profit from large beta functions (A. Verdier)

e look for more suitable collimator materials, e.g., carbon
composites (F. Caspers)

e study nonlinear collimation system a la JLC or TESLA, e.g.
utilizing FF sextupoles

e explore wake-field based passive machine protection schemes,
exploiting dipole, quadrupole, or higher-order wakes
(S. Fartoukh, F. Ruggiero,...)

F. Zimmermann e CLIC Beam Delivery at 3 TeV



beamstrahlung
synchrotron radiation in the field of the opposing bunch
critical energy:

T =~ 2 x 10~3 for SLC
YT ~ 9 for CLIC at 3 TeV

number of beamstrahlung photons affects ‘purity’ of luminosity
spectrum

F. Zimmermann | Beam Delivery System
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Coherent Pair Creation

A photon can turn into a ete™ pair in a strong
external field

dN _ exp(=8/(3r))
ds " (1+0.22)3
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Pairs after Bunch Crossing
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- significant power in pairs
- particles can be focused or defocused
- integrated energy above 6

- need exit hole of > 10 mradian

- Paurs are cww Boed 4 < 10 wred
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LiLy per 0.5%-bin

ULy, per 0.5%-bin
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Luminosity Spectra
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- beam has large transverse emittance after colli-
sion

- energy spread is very large
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high charge drive beam

3GHz  3008GHz 2.992 GHz
RF gun  Tws TWS
low charge main beam
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Mask (TESLA)
Central tracker - Cryostot

Beompipe

T

Vertex detector
MR Tungsien MR Graphite BE Caiorimeter

- outer mask prevents backscattering of photons

- inner mask prevents backscattering of charged
particles

- mask outer angle 83 mradian

_ inner mask hit by 12 TeV per bunch crossing
- almost all of this has 8 < 20 mradian
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ftwo beam acceleration at 30 GHz

acceleration of main beam deceleration of drive beam
_1bunch,¢g=0.5nC
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10 Modulators/Klystrons with LIPS (x2.3)
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